Introduction
The facility , of observation of the retinal vasculature is paralleled by its inaccessibility to biopsy and laboratory examination.
Ophthalmic surgeons are reluctant to enucleate eyes, even blind eyes, unless they are causing great discomfort, or their continuing presence jeopardizes general health or the fellow eye. Consequently, histological examination of human diseased eyes normally only occurs after a disease process has run its course or after death.
Disease states are being studied ever more extensively in animal models,I-3 but the doubts inherent in interspecies extrapolation remain."
The observable manifestation of pathological processes afflicting the eye are often the major diagnostic criteria, and although many laboratory and experimental investigations are available, diagnoses are usually made on clinical findings. History and examination remain of paramount importance.
Normal retinal vasculature (Figure 1) Embryology
In early fetal life the retina is avascular. Subsequent development of vessels is by progression Figure 1 Normal optic disc and vessels from central to peripheral retina. At the leading edge of the advancing vascularization there is a circumferential avascular annulus known as the retinal vascular vanguard.> The peripheral retina is not fully vascularized until term. The temporal periphery, being furthest from the optic disc, is the last retinal region to become completely vascularized, achieving this at 44 weeks 'gestation'." The earliest recognizable stage in the development of the embryonic eye is' the optic groove, which is already seen in a 2.2mm embryo (12 somites stage). The groove develops into the optic vesicle, which invaginates to become the optic cup seen in 7mm embryos. Together with optic cup development the hyaloid circulation begins. The hyaloid artery is a branch of the ophthalmic artery and enters the optic cup via the fetal fissure. The hyaloid vasculature is extensive in early fetal development, forming a lacework of vessels over the posterior aspect of the early lens. Hyaloid arterial branches ramify extensively throughout the rudimentary vitreous cavity at this stage, being at their most prominent at about 10 weeks gestation. Between 10 and 16 weeks the hyaloid vasculature regresses. At 14-16 weeks the true retinal vasculature begins to develop.
Central retinal vein precursors are seen first and originate from a venous plexus around the hyaloid artery within the optic nerve. These join near the optic disc forming the central retinal vein precursor at about 10-12 weeks gestation. Between 14 and 16 weeks the precursors of the definitive retinal arterial system develop as two buds off the apoptosing hyaloid arterial system. These buds grow into the retinal nerve fibre layer (NFL) and subsequently canalize. The remaining part of the hyaloid artery, lying within the optic nerve, becomes the central retinal artery."
Anatomy
The retina is supplied by the central retinal artery (CRA). The retina comprises an inner neurosensory layer and an outer retinal pigment epithelium (RPE). The choroidal circulation, the choriocapillaris, is separated from the RPE by Bruch's membrane. The RPE is the functional outer blood retinal barrier (OBRB). The neurosensory retina is anatomically described as having nine layers, comprising the rod and cone photoreceptors and the many cells which arborize and synapse between photoreceptors and the ganglion cell layer, the axons of which become the nerve fibre layer. There is a superficial inner limiting membrane formed by Muller cell end plates. The axons in the nerve fibre layer converge in a characteristic pattern to exit the eye at the optic disc, passing through the lamina cribrosa, the sieve like scleral formation within the optic nerve head.
The CRA is about 0.28mm in diameter and is the first branch of the ophthalmic artery after leaving the internal carotid. The CRA lies centrally within the optic nerve as it approaches the globe of the eye. The arterial surface is surrounded as it lies within the nerve by a sympathetic plexus and by pia mater. Lying in the centre of the optic nerve the CRA, together with a central retinal vein (CRV), pass through the lamina cribrosa sharing a common adventitial sheath and enter the eye at the optic nerve head. The CRA lies nasally within the variable cup of the optic nerve head and bifurcates here into superior and inferior divisions, each again dividing into nasal and temporal branches near the disc margins.t-"
Normal retinal vessels divide dichotomously. There are about nine sequential bifurcations as vessels pass peripherally to form end capillaries which do not anastomose. The retinal veins tend to follow the arteries. Although they often cross, they do not run adjacently for any significant distance. The central retinal artery is a true artery, its luminal diameter is 0.2mm whereas the CRY lumen is about 0.23mm. The normal external A V diameter ratio is 2:3.
There are two capillary free zones within the retinal circulation. The foveal avascular zone (FAZ) is 0.5mm in diameter. It is teleologically surmised that this region is avascular because it is the zone corresponding to greatest visual acuity. However, it is also the thinnest part of the retina and can derive adequate blood supply from the choriocapillaris. Capillaries are absent from the regions adjacent to arterioles for a distance of 120JL. Sometimes a cilioretinal artery is present (20% ). 8 The area it supplies is variable and it can mimic a shunt vessel which may occur in disease states.
The retinal capillaries are lined with nonfenestrated endothelial cells, the tight junctions of which form the inner blood retinal barrier (IBRB). Pericytes are present in a 1:1 relationship with the endothelial cells. The capillaries run at two levels within the retina, a superficial and a deep plexus. Whereas the central retinal artery is a true artery its branches are end arterioles without an internal elastic lamina. They comprise endothelial cells on their basement membrane surrounded by a thin muscular coat. In some disease states the vessel walls are apparent fundoscopically, but in the normal state only the intravascular blood column is seen. The veins are thin walled, lined with endothelium and have a loose connective tissue coat. Where arterioles and veins cross they are both surrounded by a common adventitial sheath. This fact explains many of the pathological findings at AV crossings (AVX) which are described later.
Physiology
The mean pressure in the central retinal artery is of the order of 75mmHg, and as long as the intra-ocular pressure (lOP) remains less than the arterial perfusion pressure, CRA pulsations will be observable. Normal lOP is 16(±6)mmHg. (This will be too rigid for glaucoma specialists but is a reasonable normal working range.) There is an lOP variation of 1 or 2mmHg with respiration and heart beat, and a diurnal variation with lOP being highest on waking in the morning and lowest in the late evening. Mean intracapillary pressure is about 55mmHg, there are no precapillary sphincters and the arteriolar capillary pressure fall is due solely to increased vascular bed cross-sectional area. All capillary beds are perfused. The IBRB is at the level of the retinal endothelial tight junctions and there is virtually no retinal extracellular fluid. The CRY pressure is about 25mmHg. Spontaneous venous pulsation is seen in 80% of normal patients and loss of venous pulsation is seen in papilloedema.? Factors pertaining to perfusion are perfusion pressure, vascular resistance and haemorheological properties.
Retinal flow is autoregulated permitting appropriate perfusion through a range of lOPs. There is no significant neurogenic vascular control, but as in other vascular systems increased oxygen tension promotes vasoconstriction and conversely high CO 2 tensions result in vasodilatation.
Normal retinal vascular development and function is increasingly better understood. Schroder et al. to describe a technique for quantitative analysis of normal retinal circulation thus permitting calculations of flow, conductance and pressure. Mainster"! has discussed the fractal geometrical properties of the retinal vasculature and speculates that fluctuations in the distribution of embryonic cell-free spaces provide the randomness needed for fractal behaviour and the uniqueness of each individual retinal vascular pattern.
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Fundus fluorescein angiography
Apart from direct observation of the ocular fundus, the most common diagnostic investigation of retinal vasculature is fundus fluorescein angiography (FFA). First introduced in 1961 by Novotny and Alvis,12 FFA is a valuable tool in the study of the retinal and choroidal circulation in normal and disease states. FFA appearances depend on the integrity or patterns of disruption ofthe IBRB and the OBRB.
About 20% of an intravenous bolus of fluorescein remains 'free', most being bound to plasma proteins.
The patient is positioned at the fundus camera and the fundus view obtained. Two filters are used. A blue excitation filter permits light of wavelength 490mm to pass into the eye. 'Excited' fluorescein emits green light at the higher wavelength of 530nm. A second barrier filter only permits transmission of emitted green/yellow light to the camera plate.
The integrity of the IBRB prevents passage of free and protein bound fluorescein and any leakage is pathological. Although the choroidal capiIIaries are fenestrated and permit leakage of 'free' fluorescein into the choroidal extravascular spaces, fluorescein cannot pass the OBRB at the level of RPE unless the RPE tight junctions are pathologically disrupted.
Injected as an intravenous bolus in the antecubital fossa or a distal arm/hand vein, are 5mls of 10% fluorescein. The normal arm to eye time is about nine seconds. Much has previously been made of abnormal arm to eye times but no diagnostically significant conclusions can be drawn from time lapse and it is not routinely measured. The phases of the normal FFA are firstly the prearterial 'choroidal blush', followed one second later by the arterial phase and shortly thereafter the capillary phase. The subsequent venous phase occurs in three stages; early venous, demonstrating lamina flow, with mid and late venous phases following, each with their own characteristics.
Retinovascular pathological conditions are manifest as either hyper-or hypofluorescence. Disruption of either BRB results in fluorescein leakage and hyperfluorescence. Hypofluorescence occurs in ischaemic disease states and when fluorescein is masked by extra-vascular blood, or hard exudates. Routine FFA is not regarded as a hazardous procedure but anaphylactic reactions, though exceedingly rare, are well recognized.
Less dramatic but more common side-effects of FFA are transient nausea and dysguesia at the time of injection, and a mild yellow discoloration of the skin and sclera for about 24 hours. Patients should be warned that their urine might be a bright green colour until the fluorescein is excreted over the next day. For a full and detailed account of FFA in health and disease refer to Chopdar.P
Comparative retinal angiology
A Belgian group from Ghent Universitytdescribe four different patterns of retinal blood supply in domestic animals. The holangiotic pattern where vessels are located in a plexus throughout the major part of the photosensitive retina is found in certain ruminants, carnivores and pigs. The rabbit demonstrates a merangiotic pattern where the retinal vessels are distributed in a broad horizontal band across the retina. Horses and guinea pigs have a minute tuft of retinal vasculature confined to the region of the optic nerve head in the pauciangiotic pattern. The fourth pattern, the anangiotic retina (no retinal vessels whatsoever) is found in birds who do however maintain an inferior vitreous blood supply. The retinae of the Tasmanian devil and the Virginia opossum (polyprotodont marsupials) were found to have an unusual fluorescein angiographic sequence commencing with arterial filling but moving on directly to early venous (lamina flow) stage filling and subsequently the capillary blush.
Angiology of marsupials differs from that of mammals. IS This odd vascular flow pattern probably occurs as a result of the looped end artery organization known to exist in marsupial nervous systems. Oiprotodont marsupials such as the Brush Tail possum and the Sugar Glider have retinal vasculature of the pauciangiotic pattern. This may be associated with superior vision as is the anangiotic retina of birds.
Retinal signs
Fundus appearance is crucial in that pattern recognition is the key to diagnosis. The manifestations of retinovascular disease can be regarded as the results of the primary disorder, the exudatative response to vascular injury and ischaemic response to vascular injury. In any condition the fundus appearance is a result of the interplay of the following factors:
Vessels
Signs may predominate in either the arteriolar system or the venous system. Vessels may be constricted or narrowed in either a generalized or focal pattern, they may be occluded or appear closed.i« Alternatively, veins may be dilated, engorged or tortuous and in extreme cases can show 'sausaging' or beading, which may also be generalized or regional.
Arteriovenous crossing changes are highly significant and range from mild vein concealment at the A VX through to deflection of the vein at the AVX with tapering of the intraluminal column of blood on either side; occasionally with engorgement and dilatation of the vein distally. Neovascularization may be seen at the disc (NVO) or elsewhere (NVE) in the fundus and fronds of new vessels grow from the retina into the vitreous. These are seen as tufts protruding from the flat retina and are best visualized at a different focus from that used to observe the retina itself. Sea fan neovascularization describes the particular type of neovascularization which occurs in sickle cell disease. Sea fan fronds of new vessels are seen peripheraIly and are so called because of their resemblance to certain aquatic fauna. Apart from overt neovascularization, intraretinal micro angiopathy (IRMA) occurs. These are flat filigree patterns of anomalous vessels seen within the retina between adjacent larger vessels. LOOpS17 and shunts may be noted.
Haemorrhages
Classically retinal haemorrhages may be of two sorts. Superficial flame shaped haemorrhages conform to the pattern of the NFL. Dot and blot haemorrhages are deeper than flame shaped haemorrhages and arise from the capillary plexus in the retinal inner nuclear layer. The pattern of haemorrhage from new vessels is governed by the state of the vitreous gel. Throughout life the vitreous tends to liquify, a process called syneresis. From middle age onwards there is an increased incidence of vitreous gel collapse and detachment. If the gel is attached and fills the vitreous cavity then new vessels grow into the gel itself . The shearing velocity on the fragile new vessels which will occur with ocular movement may tear the new vessels resulting in a subhyaloid haemorrhage , which is a bleed into the potential space between the inner limiting membrane of the retina and the posterior hyaloid surface of the vitreous gel. These haemorrhages are well demarcated and have a fluid level ( Figure 2 ). Alternatively, intragel haemorrhage may occur and may be diffuse , obscuring the fundus view. These different types of haemorrhage anterior to the retina are generally grouped together as vitreous haemorrhages. 
Disc changes
The disc may be swollen, initially with blurring of the margins but later with diffuse swelling, NFL haemorrhages at the disc margin and loss of spontaneous venous pulsation, progressing to frank papilloedema.? Alternatively, after retinovascular disease has run its course optic atrophy may be seen. Then the disc is pale, featureless and sharply demarcated. These then are the major fundus signs which pertain to retinal angiopathy.
Retinovascular response to disease
If retinal hypoxia is the dominant factor with areas of capillary nonperfusion, then an ischaemic response occurs with neovascularization. If the predominant pathology results in damage to the BRB then exudation occurs with hard exudate formation and retinal oedema. Some conditions result in a combination of the two processes. Classically, this occurs in proliferative diabetic retinopathy (a detailed account of diabetic retinopathy is beyond the scope of this article but those interested should refer to Kohner-? and Kanski and Thomas"). Neovascularization occurs in several retinovascular diseases where capillary nonperfusion is an important factor such as sickle cell disease>' and ischaemic CRVO.
That neovascularization results from retinal ischaemia and capillary nonperfusion is currently a 'belief' held with conviction supported by much evidence.t? In diabetic eye disease and sickle cell retinopathy new vessels arise at the border between perfused and ischaemic retinal zones. NVD results from generalized retinal capillary nonperfusion. The current understanding of the pathophysiology of neovascularization is elegantly detailed by Shultz and Grant.s! The role of the endothelial cell is pivotal in the process of new vessel formation. Pericyte loss and degeneration of the capillary basement membrane precede endothelial cell activity. Cytoplasmic extensions of endothelial cells move through gaps in the basement membrane and, under the influence of chemotactic factors, the cytoplasmic processes elongate and join with adjacent similar processes forming an endothelial bud.
The bud or sprout enlarges by mitosis of endothelial cells. Joining of these buds to each other results in loop formation with blood flow.
Shultz and Grant discuss the growth factors so far elucidated which have been shown to influence neovascularization. There appear to be local homeostatic mechanisms governing angiogenesis and it is the disturbance of this homeostasis by ischaemia which provokes neovascularization. Peptides shown to have significant angiogenic properties are: the heparin binding growth factor (HBGF) group peptides; acidic and basic fibroblast growth factors (a & b FGF); insulin-like growth factors IGF1 (formerly known as somatomedin C) and IGF2; epidermal growth factor (EGF) and transforming growth factor alpha (TGF a).
Transforming growth factor beta (TGF 13), synthesized by pericytes, inhibits endothelial cell growth and has been shown in vitro to promote fibroblast growth and collagen synthesis. In the normal retinal capillary vasculature pericytes are in a 1:1 relationship with the endothelial cells. Disturbance of this status with pericyte loss (as in diabetes) results in loss of the TGF beta inhibitory effect permitting FGF induced endothelial mitosis.
Rheological aspects
Many diverse clinical conditions manifest hyperviscosity ( Figure 5 ). The atypical retinal circulatory arrangement makes it particularly Figure 5 The fundus of a patient with polycythaemia rubra vera susceptible to rheological changes. Although retinopathies are seen in hyperviscosity syndromes it is also apparent that microvascular changes can themselves influence local haemorheology.
Factors which result in the peculiar susceptibility of the retina to haemorheological disturbance are the high pressure arterial system, the elevated venous pressure, swings in lOP, high venous resistance, AVX with common adventitial sheaths, the dichotomy of the bifurcating system and the extraordinarily high retinal metabolic rate.
Major retinovascular events
Central retinal arterial occlusion (CRAO) ( Figure 6 )
Central retinal arterial occlusion (CRAO) is rare. It produces sudden painless and profound visual loss of field and acuity in the affected eye. It carries a very poor visual prognosis. In addition to the visual loss which occurs over a few minutes, there is a marked afferent pupillary defect. Fundus examination reveals a 'cherry red spot' at the fovea seen in startling contrast against the surrounding pallid and oedematous retina. The retinal arterioles are etiolated and of irregular calibre. 'Cattle-trucking' of intravascular blood is seen. 
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The cherry red spot is apparent for about a week. Thereafter the milky white retina returns to a more normal appearance as it becomes less oedematous. Subsequently, the disc becomes atrophic. CRAO is most common in elderly arteriosclerotic patients. Occlusion may result from vessel wall disease (atheroma or giant cell arteritis -GCA) , or by embolization from cardiac or great vessel sources and any of the causes of these. Retinal viability in acute ischaemia is short-lived. Some visual recovery may occur if the patient is treated within four hours of onset of the CRAO, though in practice this rarely occurs.
Treatment where attempted comprises: (1) rebreathing into a paper bag inducing hypercapneoa and vasodilation; (2) lowering intraocular pressure (lOP) by anterior chamber paracentesis with an orange needle inserted at the corneoscleral limbus and permitting sudden aqueous drainage and ocular decompression and;
(3) firm pressure on the globe of the eye maintained for 20-30 seconds and released suddenly. Rapid lOP fluctuations may result in shunting of any embolus down the arterial tree thus minimizing retinal damage. Recently, workers in Chicago-? and Western Australia-> have discussed the feasibility of vitreo-perfusion to oxygenate the acutely ischaemic retina and some degree of success has been achieved in experimental models.
The most important aetiology to highlight is GCA as catastrophic visual loss of the fellow eye can occur in rapid succession to the first eye. Rapid diagnosis and vigorous treatment of GCA are essential.
Treatment of underlying causes of CRAO are required. Clinical and imaging examinations in liaison with other specialties are appropriate. When emboli are small enough to pass through the bifurcation of the CRA they lodge distally causing branch retinal arterial occlusion, where the visual loss is less dramatic but the investigation and management is similar to CRAO.
Central retinal vein occlusion (CRVO) (Figure 7)
Venous occlusion may affect the central retinal vein or one of its branches. CRVO is a very common condition and has a less acute onset than CRAO, becoming symptomatic over a period of hours rather than minutes. The visual disturbances are variable. Greys comments that, whereas arterial occlusion occurs at any time of day , patients with venous occlusion are often aware of blurred vision on waking in the morning. Fundus examination in the acute stages shows dilated tortuous veins , flame shaped NFL haemorrhages, dot and blot haemorrhages from the plexus in the inner nuclear layer, cotton wool spots and retinal oedema. Swelling of the optic disc is also seen.
Kanski classifies CRVO into two groups.>' A nonischaemic group (75 % of cases) and an ischaemic group (25 % of cases) . In nonischaemic CRVO the visual acuity is mildly or moderately affected and in rare cases maybe near normal. There is some tortuosity and engorgement of all the retinal veins . The haemorrhages are found throughout the retina but predominate in the periphery; cotton wool spots are scanty. Ischaemic CRVO demonstrates many cotton wool spots and a much more florid picture significantly more marked at the posterior pole with associated macular oedema . The prognosis varies for the two types of CRVO . Of those patients suffering nonischaemic CRVO , half will improve with recovery of near normal vision, but the other half will go on to suffer chronic macular oedema. In the group suffering ischaemic CRVO one half will develop neovascular glaucoma with rubiosis of the iris. This occurs approximately three months after CRVO and is called one hundred day glaucoma . Some patients with ischaemic CRVO develop NVD or NVE or both. Preretinal or vitreous haemorrhage can result. The distinction between ischaemic and non ischaemic CRVO has important treatment implications. Panretinal argon laser photocoagulation may reduce the incidence of neovascular glaucoma in CRVO. Fluorescein angiography will demonstrate extensive areas of capillary nonperfusion , but recent work has focused on electroretinography as a prognostic indicator of neovascularization .s> Branch retinal vein occlusion (BRVO) ( Figures  4 and 8 ) may cause hemispheric (altitudinal) or quadrantic field defects, or central scotomata, depending on which retinal branch vein is affected. Superior temporal BVO is most common and nasal BVO are least common. Isolated macular branch vein occlusion occurs. BRVO occurs at A VX where the one adventitial sheath is common to and surrounds both arteriole and vein. Obstruction to venous flow results from arteriolar thickening within the common sheath with distortion and compression of the vein leading to turbulent or sluggish local venous flow. Changes at A VX can often be seen in the fellow eye of a patient with branch vein occlusion and three eponymous signs are significant. Salus' sign is A V nipping. Bonnet's sign describes the appearance when the vein distal to the A VX is dilated and Gunn's sign refers to tapering of the vein on either side of the crossing. Signs of BRVO are similar to CRVO but manifest in the domain of the effected vessel only. Neovascularization may occur in BRVO depending on the extent of capillary closure and argon laser photocoagulation may be required. Raised lOP may present with CRVO or BRVO, but frequently vein occlusion is idiopathic. A wide variety of systemic diseases can cause vein occlusions, these are discussed later. It is interesting that after the veins of the lower limb and pelvis, spontaneous venous occlusion occurs most commonly in the retinal veins. 26 Increased red cell aggregation has been found in idiopathic CRV027 and it appears antithrombin III levels, protein C and protein S levels have no significant effect in CRVO.28
Anterior ischaemic optic neuropathy (AION)
Infarction of the optic nerve head is known as anterior ischaemic optic neuropathy (AION). It occurs when the posterior ciliary arteries are occluded. About a quarter of untreated patients with GCA will develop AION. Other causes are systemic lupus erythematosus and polyarteritis nodosa. Idiopathic AION tends to affect a younger age group than GCA. Visual loss in nonarteritic AION may be altitudinal at first, with only half of the optic nerve head being infarcted. There is no treatment for nonarteritic AION and the natural history of the condition is such that the fellow eye is also affected within several years. The vision is reduced to hand movements or perception of light. Pupillary li~ht reflexes a~e defective or absent and pale swelling of the optic nerve head occurs, often with NFL haemorrhages at the disc margin. Later, optic atrophy ensues.
Specific disease entities
Retinal vasculitis (RV)
Retinal vasculitis (RV) occurs either as a primary phenomenon known as idiopathic retinal vasculitis (IRV), or in association with systemic inflammatory disease.s? Of the systemic vasculitis syndromes significant ocular involvement occurs in SLE, Behcet's syndrome, polyarteritis nodosa, Wegener's granulomatosis, giant cell arteritis, Takayasu's pulseless disease and Cogan's syndrome.
In a point prevalence study of 150 patients with RV Graham et al. 3D found that 67 patients had Retinal angiology 71 IRV, the remaining 83 having associated systemic disease.
In RV inflammatory cells, protein and fluid accumulate in and around the vessel wall with loss of the clear cut definition of the vessels and thickening of the walls in what Dinning-? calls a 'vague soft fluffy way'. Vessels may be sheathed in appearance or cuffed where small regions are affected, commonly at bifurcations. These changes are more apparent around veins than arterioles. Other signs of RV include occlusion (apparent-? and real) of smaller terminal vessels with capillary closure seen on FFA. Neovascularization may occur at the junction of ischaemic and nonischaemic zones with haemorrhagic sequelae. Other signs of ischaemia (cotton wool spots and intraretinal haemorrhages) may occur. Different patterns of retinal vasculitis occur in different systemic inflammatory diseases.w
Idiopathic retinal vasculitis
There is diffuse capillary and venous change with peripheral vascular sheathing, capillary leakage and retinal (macular) oedema. The pathophysiological roles of retinal S antigen, rhodopsin, interphotoreceptor binding protein and transducin need further elucidation.
It may be that different retinal and retinovascular antigenic stimuli are responsible for the different patterns of RV. IRV might be a manifestation of a heterogeneous group of autoimmune entities.U
Systemic lupus erythematosus (SLE) SLE retinopathy
RV is well documented in systemic lupus erythematosus (SLE) and is mainly arterial. It occurs as a primary effect of the immune complex mediated small vessel damage. Secondary effects of hypertension from renal involvement may be complicated by the presence of anaemia, thrombocytopenia and circulating lupus 'anticoagulant' (LA). Apart from the hypertensive changes the predominant finding is retinal ischaemia consequent upon the vasculitis. Cotton wool spots seem to correlate with disease activity. All grades of vascular occlusion occur and the retinopathy affects arterioles, capillaries and venules. LA is present in 10-15% of SLE patients. In vitro it has anticoagulant prop-erties but in vivo it is thrombogenic. LA is an anti phospholipid antibody. The relevance of LA in the depressed fibrinolytic activity characteristic of SLE is unclear, but in conjunction with abnormally high levels of plasminogen activation inhibitors, and increased von Willebrand factor levels, the diminished fibrinolysis and associated thrombotic tendency suggests that endothelial cell dysfunction is of prime importance.V Polyarteritis nodosa (PAN) (Figure 9 )
Polyarteritis nodosa (PAN) retinopathy affects the arterioles and their adjacent veins. The retinopathy may be a result of PAN itself or sequential on systemic changes induced by PAN, e.g. hypertension and renal failure. CRAO and BRAO occur and may be bilateral.P AION occurs rarely. Occasionally, aneurysmal dilation of retinal arterioles is seen and it is presumed that the PAN variant 'Australian antigenaemia with vasculitis' manifests the same retinopathy as classic PAN.
Beheet's retinopathy
Although first described in 1937 by the Turkish dermatologist, Behcet, his syndrome is found most commonly in Japan where in the North incidences are as high as 8.5 per 100 000. The triad of oral and genital ulceration and inflammatory eye conditions has been modified since Behcet's original description. Diagnosis is based on the combination of findings major and minor after 
Mason and Barnes.>'
Eye involvement affects the anterior segment as iridocyclitis, often with hypopyon, being sometimes bilateral and simultaneous. Alternatively, posterior uveoretinitis may occur and has a worse prognosis. The retinopathy is first apparent in the venous vasculature as an obliterative vasculitis which is progressive. Peripheral capillary shut down may occur with abnormal circumferential venous communications.
Recurrent small vitreous haemorrhages are frequent in association with foci of vasculitis. Less than one-fifth of patients with posterior segment disease develop neovascularization.F? The venous changes are frequently complicated by CRVO or BRVO and accompanied by infiltrates-? which are pathognomonic for Behcet's syndrome. Retinal infarction from arterial occlusions is rare but well recognized. The thrombophlebitic tendency in Behchet's syndrome and its role in the retinal venous vasculitis is unclear.
Wegener's granulomatosis (WG)
The necrotizing vasculitis of WG causes a retinopathy with arteriolar narrowing, tortuous engorged veins and cotton wool spots. Retinal appearances are also affected by posterior scleritis and orbital involvement in WG. The renal involvement of WG does not usually cause hypertension (ct. PAN). Between one-third and half of WG patients suffer ocular involvement usually as a result of orbital extension of WG. Retinal venous engorgement arises as a direct effect of venous obstruction in the orbit. WG in decreasing order of frequency also causes conjunctivitis, episcleritis, scleritis, peripheral corneal 'melts', optic nerve ischaemia and intraocular disease which is the least frequent ocular manifestation. In Pinching's series of 18 patients with severe renal involvement 10 had retinal vasculitis.v'
Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR)
GCA affects medium and large muscular arteries and usually occurs in the seventh or eighth decades. Although the widespread nature of GCA is well recognized it has a predilection for the carotid and its branches. In the eye GCA often causes AION due to occlusion of the posterior ciliary arteries. CRAG also occurs, but is unusual.
Amaurosis fugax is uncommon in GCA and usually heralds visual loss. Prompt treatment with high dose corticosteroids can result in some visual improvement where visual loss is not absolute. The avoidance of visual loss in the fellow eye is of paramount importance.
Relapses of GCA can be expected in about a quarter of treated patients. This is an indication to return to high dosage treatment and a more cautious withdrawal of steroid. Fifteen per cent of PMR sufferers will eventually develop the full clinical picture of GCA, but vision can be affected in patients with no evidence of temporal artery disease. The arterial involvement in GCA and PMR is proportional to the amount of elastic material in the arterial media and adventitia, so intracerebral arteries are usually spared."
Investigations in GCA
The erythrocyte sedimentation rate (ESR) is usually elevated to values in excess of 60mm/hour. Cases of biopsy-proven GCA with normal ESR are well recognized. As many as 20% of cases may have a normal ESR. C-reactive protein is almost invariably elevated and can be helpful in cases where the ESR is inconclusive. Anaemia and leucocytosis are common and alkaline phosphatase may be elevated. Antinuclear antibodies may be present. Recently, attention has focused on the role of antiphospholipid antibodies in GCA. Watts et al. 36 found that of 19 patients presenting with AION, seven were suffering from temporal artery biopsy-proven GCA. All seven patients had significantly elevated levels of IgG anticardiolipin antibody, whereas only one of the 12 patients with nonarteritic AION had elevated levels. The presence of IgM anticardiolipin antibody does not appear to correlate with clinical disease progression and the IgG antibody is implicated in mediating vascular events.t? The role of antiphospholipid antibodies in retinal vascular disease and the primary antiphospholipid antibody syndrome and possible treatment with plasmapheresisw-t? are discussed elsewhere. 36, 40 Takayasu's pulseless disease (TPD)
Although ischaemic retinopathy occurs in TPD,41,42 the common eye changes are those of hypertensive retinopathy as a result of renal artery stenosis. 'Classic' retinal TPD changes with A V anastomoses and preretinal haemorrhages
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were seen in only one patient in a series of 54. 43 TPD is confined to large elastic arteries and diagnosis is confirmed by archaortography and pulmonary angiography. Histology of a TPD affected eye 44 showed ischaemia and nonspecific neovascularization.
Cogan's syndrome
Retinal arterial occlusion and retinal haemorrhages have been described in this uncommon vasculitis which has a sudden onset, usually in the third decade. It comprises vestibulo auditory symptoms progressing to deafness in conjunction with painful red eyes, blurred vision and acute aortitis. A fifth of patients will go on to a more widespread vasculitis with a worse outlook. Visual prognosis is generally good, but the deafness is not amenable to treatment. 29, 45 Other recognized causes of retinal vasculitis Sarcoidosis presents a multiplicity of ocular manifestations.v? The posterior segment of the eye is affected in 7% of patients with chronic sarcoid.
Fundus changes result from granulomatous involvement of the retinal veins, vitreous, choroid and optic nerve, The most frequent finding is periphlebitis. The spectrum of periphlebitis ranges from mild cuffing and sheathing in a few venous segments through to marked periphlebitis with the appearance of 'candle wax drippings'. NVD and peripheral sea fan NVE occur. 46,47 NV may follow as the result of large diffuse areas of capillary nonperfusion or from segmental ischaemia after BRVO (for more detailed information on posterior segment sarcoid refer to Spalton and Sanders-e).
Multiple sclerosis: apart from the neuroophthalmological manifestations, mild asymptomatic RV affecting segments of peripheral veins is an occasional finding." RV is recognized in secondary syphillis, herpes simplex virus choroidoretinitis, herpes zoster ophthalmicus, CMV infection and Rift Valley fever. 48
Hypertension arteriosclerosis and diabetes
Hypertension
Hypertension holds a pivotal position 10 retinovascular disease processes. Of itself , essential hypertension causes a ret inopathy ( Figure 10 ), but the causes of secondary hypertension may result in a complicated retinovascular appearance manifesting both the underlying disease together with superimposed hypertensive changes. The particularly common association of hypertension with diabetes means that retinopathy in the hypertensive diabetic is often a mixture of the two disease processes and generally runs a more severe course than either of them alone. In addition, the retinopathy of arteriosclerosis occurs with hypertension and diabetes, but may occur to a less marked extent in the absence of either of these diseases. Previously, hypertensive retinopathy has been classified into four grades . Grade one: mild generalized arteriolar constriction with broadened arteriolar light reflex and veins obscured at the AVX. Grade two: marked general and focal arteriolar constriction with deflections of veins at the A VX. Grade three: all of the above together with flame shaped NFL haemorrhages, cotton wool spots, hard exudates which may manifest as a macular star, and marked A VX anomalies. Grade four: is defined as all of the above together with swelling of the optic disc and arteriolar closure with silver wiring appearance of vessels.
The World Health Organization however have classified hypertensive retinopathy as either mild or severe; mild being arteriolar changes only and severe encompassing the exudative , haemorrhagic and optic disc manifestations.
Hypertension associated with arteriosclerosis is the most common cause of CRVO/BRVO (see above). Amaurosis fugax and CRAO/BRAO are much more prev alent in the hypertensive arteriosclerotic population.
Retinal macroaneurysms (Figure 11 ) are frequently found in association with hypertension. They arise from second order arterioles and may leak with exudation, or bleed acutely with profound visual cornpromise. f The retinal arteriole may be occluded beyond the macroaneurysm and BRVO may be precipitated distal to the aneurysm. The involutional changes of arteriosclerosis associated with senescence modify hypertensive changes such that the full blown picture of florid hypertensive retinopathy is seen best in young hypertensives. The incidence of severe retinopathy is increased when renoparenchymal disease underlies the hypertension. It is particularly severe in focal segmental sclerosis and membranoproliferative glomerulonephritis. 49 Terson's syndrome is the presence of a subhyaloid haemorrhage in association with subarachnoid haemorrhage. The mechanism behind this unusual condition is not known. It is included here as subarachnoid haemorrhages are more common in hypertension, especially when associated with coarctation and polycystic kidney disease.
Diabetes
The pattern, extent and evolution of diabetic retinopathy in any patient is multifactorial. Typically, patients with insulin dependent diabetes mellitus (lDDMs) do not have retinopathy at the time of onset of their diabetes.
A significant proportion of noninsulin dependent diabetics (NIDDMs) will have had occult NIDDM for a considerable time prior to diagnosis and between 7% and 10% of NIDDMs aged over 50 at diagnosis will have retinopathy then. Prevalence of retinopathy rises with duration of disease, peaking at 80% at 20 years post diagnosis. Diabetic eye disease is the commonest cause of registered blindness in the UK in the 30-60 age group. The prevalence of significant retinopathy in NIDDMs is 20%, and 40% in IDDMs. It has long been debated to what extent good diabetic control modifies the progression of diabetic complications. The overwhelming weight of evidence is that good glycaemic control enhances the diabetic's prognosis for life and vision.
Diabetic retinopathy Pathogenesis
Initially, the basement membrane becomes thickened as membrane proteins are glycosylated. Glycogen and carbohydrate are deposited in the basement membrane. Capillary endothelial cell damage results and capillary pericytes are lost. Angiogenesis is promoted, perhaps influ-
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enced by activated protein kinase c. 50 Red cell changesu with decreased deformability, together with increased platelet stickiness and aggregation and the plasma protein changes of diabetes mellitus, have significant haemorheological effects synergistic with the changes in the vessel wall. The increased levels of fibrinogen, von Willebrand's factor and thrombospondin are all well recognized.
Diabetic retinopathy is classified as background retinopathy (Figure 12 ) when microaneurysms and dot and blot haemorrhages are apparent -as preproliferative when cotton wool spots are present together with sausaging of the veins and increased tortuosity with sluggish venous flow, or as proliferative when NVD or NVE are seen. After proliferation has occurred grade four or end-stage diabetic eye disease ensues with recurrent vitreous haemorrhage and tractional retinal detachment with intraocular gliosis, fibrosis and visual loss. Maculopathy is classified independently, being either exudative, oedematous, ischaemic or mixed. 9 • 19 ,24 Carotid artery disease Carotid atheroma and ulcerated atheromatous plaques can be a source of recurrent retinal embolization, presenting with amaurosis fugax or with CRAO (retinal stroke). Severe carotid stenosis leads to chronic haemodynamic insuf- Figure 12 Background diabetic retinopathy ficiency. Embolization from diseased carotid arteries may comprise cholesterol crystals. These are seen in the fundus as refractile intravascular golden-yellow crystals which autofluoresce under red-free light and are known as Hollenhorst's plaques ( Figure 13 ). Despite frequently being located at arteriolar bifurcations they rarely cause complete arteriolar obstruction and are often an asymptomatic finding. Fibrinoplatelet thrombi can cause embolic showers resulting in episodic amaurosis fugax.
The role of antiplatelet therapy, particularly low dose aspirin, is undisputed. Dipyridamole and anticoagulants are also indicated in some cases. The Medical Research Council European carotid surgery trial showed significant benefit of endarterectomy for patients with severe (70-99%) stenosis. 52 The MRC trial concluded that patients with mild (less than 30%) carotid stenosis would have no benefit from endarterectomy. In isolated amaurosis fugax the risk of future stroke is less than 3% per year; antiplatelet therapy is therefore the mainstay of treatment in this group. Dougan and Greenv discuss the significance of bright light amaurosis fugax and note that histological examination of an eye which has suffered repeated attacks of amaurosis fugax showed numerous capillary microaneurysms and significant loss of pericytes in the equator and periphery. 53 Apart from carotid occlusive disease other causes of amaurosis fugax are legion and include retinal migraine, pseudotumour cerebri (although the distinction between obscurations and amaurosis fugax is semantic), hyperviscosity syndromes and moya moya disease.P
Venous stasis retinopathy
Kearnes and Hollenhorst-" used the phrase venous stasis retinopathy to describe a condition similar in clinical fundus appearance to CRVO but seen in arterial hypoperfusion states of some chronicity and it may now be more appropriate to refer to it as hypotensive retinopathy.53 Most frequently it is seen in carotid occlusive disease with greater than 90% stenosis. In order to distinguish between partial (nonischaemic CRVO) and hypotensive retinopathy, measurements of retinal arterial pressure can be made and spontaneous pulsation of the retinal artery may be seen. CRA pressure is low in hypotensive retinopathy but may be normal or even elevated in CRVO or diabetic eye disease mimicing hypotensive retinopathy. 55
Retinal arteriovenous malformations
There are a host of conditions where anomalous retinal vascular patterns are well recognized. In Wyburn-Mason syndrome'« ( Figure 14) , racemose retinal haemoangiomata are dramatic and striking occurring in association with haemangiomata of the mid-brain. The von Hippel-Lindau (VHL) syndrome is autosomal dominant and manifests cysts of a variety of viscera as well as hypernephroma, phaeochromocytoma and polycythaemia which may be secondary to central nervous system haemangioblastomata. Capillary haemangiomata of the retina and optic nerve head occur in VHL. They are often multiple and in 50% of patients are bilateral. Isolated ocular findings consistent with a diagnosis of VHL often occur, indeed only 25% with typical VHL fundus appearances go on to develop the classical systemic afflictions. 9 Retinovascular A V malformations are well recognized in ataxia telangiectasia and hereditary haemorrhagic telangiectasia (the Rendu-Osler-Weber disease). 'Congenital' retinal telangiectasia (Leber's congenital retinal miliary aneurysms and Coats' disease) typically presents unilaterally in boys under the age of 10. Venules and arterioles are tortuous and demonstrate irregular sacular dilatations.f Exudative retinal detachments may occur and hard exudates may be arranged in patterns around the telangiectatic vessels; the prognosis is variable. The fundus app~aranc.e in retinal capillary cavernous haemangioma IS that of a grouping of microaneurysms affecting a discrete zone of the retina occasionally with associated vitreous haemorrhage. Generally it runs a benign course and may often be an incidental finding. FFA shows slow filling of the haem angioma in contrast to the rapid flow in telangiectases; treatment is usually unnecessary. Acquired haemangioma, like masses of the retina, have been reported but as yet these lesions have not been examined histologically. 57
Retinovascular consequences of haematological diseases
The undoubted significance of haemorheological factors in the retinal circulation is fully and elegantly discussed by Nash. 58 The impaired oxygen delivery as a consequence of 'sludginess' arises in many disease states. Whereas blood viscosity (as determined by haematocrit, leukocrit, plasma viscosity and red cell aggregation) governs haemorheological behaviour in larger vessels, cellular factors (red cell deformability, red cell adhesiveness and leukocyte adhesiveness and activation-") influence microangiological rheology. Increased haematocrit (e.g. in polycythemia rubra vera) results in greater viscosity the lower the shear rate. This shear rate effect is a function of red cell aggregation.
PRY and other high haematocrit (greater than 0.5) conditions cause increased retinal venular tortuosity with engorgement and dila-tation associated with BRVO, CRV060 and retinal haemorrhages. Oddly, chronic anaemic states may also manifest diffuse retinal haemorrhages, both NFL and dot blots together with cotton wool spots, Roth's spots and even disc swelling and venous occlusion. Globulins, albumin and fibrinogen are the main contributors to plasma viscosity. A panoply of disease states results in increased plasma viscosity; malignancy, acute and chronic infection amongst them.
The increased viscosity of the plasma results generally from elevated plasma fibrinogen levels. Paraproteinaemias, myeloma sometimes, but classically Waldenstrom's macroglobulinaemia, can increase the plasma viscosity tenfold.s! The retinovascular appearance of Waldenstrom's is said to be typical but its hallmarks are those of all the hyperviscosity syndromes, venous dilatation, engorgement and tortuosity with cotton wool spots and retinal haemorrhages. There is a high frequency of CRVO/BRVO. Red cell aggregation in whole blood is increased in the pressure of high fibrinogen levels, though the mechanisms of aggregation are still not delineated. Consequently most conditions which increase plasma viscosity will result in a sequitur increase in red cell aggregation. In low flow states with low shear rates the viscosity may rise dramatically. There appears to be a tendency to increased red cell aggregation in idiopathic CRVO. 27 The only condition with significant eye manifestations resulting from defects of red cell deformability is sickle cell disease. The worst ocular complications occur in SC and S thai disease, SS usually sparing the eyes. Sickle retinopathy is characterized by peripheral arteriolar occlusion with subsequent peripheral AV anastomoses classically with peripheral sea fan neovascularization which results in haemorrhage from the new vessels.s'' Major retinal vessel occlusions occur and venous tortuosity is marked. Retinal haemorrhage is frequent.
Leucocyte function is receiving interest currentlyv' and although the 700: 1 ratio of red cells to white cells implies that white cells should be of less relevance in local haemorheology, activated neutrophils adherent to small vessel walls may cause endothelial damage and microvascular occlusion with ischaemic consequences. Usually leukaemic states have an associated anaemia which compensates the increased white blood cell influence on bulk viscosity. Numerical and functional platelet disturbances occurring as discrete entities or in tandem with certain leukaemias may influence the retinovascular manifestations accordingly. Leukaemic blast cells are poorly deformable and micro angiopathy is worse when blast cells are present. Haemorrhages, both intraretinal and preretinal occur, as do major vessel occlusions. Lymphomas may have significant fundus manifestations and bilateral CRAO has been reported in non-Hodgkin mixed cell Iymphoma.P Despite the overwhelming relevance of haemorheological factors in retinovascular disease.s-blood viscosity investigations are generally disappointing in diagnosing the cause of BRVO/CRVO. The interesting eponymous condition known as Purtscher's retinopathy occurs in conditions resulting in rhabdomyolysis. It is characterized by all the signs of retinal ischaemia, the capillary bed being occluded.f Retinopathy of prematurity lies beyond the remit of this review article and the interested readers might refer to Taylor's Paediatric ophthalmology. 6 
